We report on a vertical geometry Mott-type visible (VIS)-blind Ultraviolet (UV) photodetector which was fabricated based on wurzite MgZnO (W-MgZnO) with a cubic MgZnO (C-MgZnO) anti-reflection layer. The C-MgZnO layer plays two roles in the detector, not only the conventional optical part but also electrical part. Photon-generated holes were restricted due to valence band offset. More "hot" electrons injected over a reduced Mott potential barrier at the metalsemiconductor interface, resulting in additional current contributing to photoresponse. This dualfunction structure is a highly compact and wavelength-resonant UV detector, with a spectral response high-gain and fast. 1-5 MgZnO with tunable band gaps is a very promising candidate for fabricating visible (VIS)-and solar-blind ultraviolet photodetectors. Depending on the magnesium mole fraction in the MgZnO layer, the cutoff wavelength of the device can be tuned between 225 and 370 nm to fit the requirements of the specific application. [6] [7] [8] [9] By far, different MgZnO-based UV detectors structures have been presented, including metal-semiconductor-metal (MSM), 10 single Schottky, 11 and p-n heterojunction diodes. 12 An important advancement in the field of VIS-blind MgZnO-based photodetectors has been the development of devices capable of photoconductive gain. [13] [14] [15] [16] In these detectors, electron-hole pair generation is followed by the trapping of one of the charge carriers. If the trap lifetime (t life ) exceeds the transit time (t extract ) of the opposite charge carrier, majority carriers, worth of current, can pass through the circuit many times until recombination occurs. Although these high photoconductive gains increase responsivity, they also reduce the devices' bandwidth due to the long circulating carrier lifetimes involved. Especially, the presence of persistent photocurrent (PPC) of the planar devices, owing to the surface adsorption, 16 can extremely reduce the recover time of the detectors, which is typically in the order of seconds. Another factor, influencing the response speed of the photodetectors, is the junction capacitance, which can be ascribed to the carrier concentration of the semiconductor.
A Mott barrier, 17 as defined, is a metal-semiconductor contact in that the surface layer is lightly doped so that the whole epitaxial layer is fully depleted. Usually, it has better frequency performance compared with the Schottky barrier on account of its lower series resistance-junction capacitance product.
Meanwhile, in past decade, design of active cladding with "smart" behavior such as active optical antennas, 18 plasmonsensitized solar cell, 19 etc., have produced elements that can facilitate the figure of merit of device. The refractive index and band-gap can be adjusted by changing the magnesium mole fraction in the MgZnO films. It is attractive that to integrate conventional anti-reflection layer with a function of control the carriers transport.
We fabricate, in this work, a Mott-type vertical geometry VIS-blind UV photodetector with a lightly Ga-doped cubic MgZnO (C-MgZnO) surface epitaxial layer (as the anti-reflection layer at one time), which has not been reported elsewhere. C-MgZnO, due to its larger bandgap and higher conduction band minimum than wurzite MgZnO (W-MgZnO), possesses much deeper donor levels, which will result in lower carrier concentration, 20 and then the smaller parasitic capacitance. The device exhibits relative high gain without PPC effect, which is both fast and efficient. The study of the double-layer crystal structure and optoelectronic properties for the devices was carried out, via the transmission spectrum, x-ray diffraction (XRD), current-voltage (I-V), spectral response, and temporal response measurements. Especially, the temporal response, in high gain detectors, was rarely investigated yet. 14, 15 The device vertical structure was grown on c-plane sapphire substrate by metal-organic chemical vapor deposition (MOCVD). Diethylzinc (DEZn), Dimethyl dicyclopentadienyl magnesium (MeCp 2 Mg), and high pure oxygen (O 2 ) were employed as the precursors. Triethylgallium (TEGa) was used as the dopant source. High purity nitrogen (99.999%) acts as a carrier for the metal-organic (MO) sources. The MOCVD chamber pressure was kept at 200 Torr and the substrate temperature at 450 C during the growth process. About 600 nmthick Ga doped W-MgZnO was first deposited on top of about 50 nm-thick W-MgZnO buffer layer. Subsequently, a lightly Ga-doped C-MgZnO, about 400 nm, was deposited. 21, 22 A schematic diagram of the device is illustrated in Fig. 1 .
The transmission spectra of W-MgZnO and C-MgZnO, which were deposited during each experiment, were recorded by employing a Shimadzu UV-3101PC scanning spectrophotometer. The structural characterization of the double-layers thin film was evaluated by XRD with Cu-Ka 0.154 nm line as the radiation source. Au and Indium metal electrodes were fabricated on the C-MgZnO and W-MgZnO, respectively, using vacuum evaporation and masking methods. Hall measurement system (Lake Shore HMS7707) was employed for I-V characterization. The spectral response of the detector was measured using a 150 W Xe arc lamp, a monochromator, an optical chopper (EG&G 192) , and a lock-in amplifier (EG&G 124A) in a synchronous detection scheme. The temporal response was performed using the same system of spectral response measurement, in addition, with a Keithley 2611A System SourceMeter to record the photocurrent-time relation of the detector. Figure 2 (a) shows the typical transmission spectra of ZnO, W-MgZnO, and C-MgZnO. By the way, each film was deposited in the same experiment which grown W-MgZnO and C-MgZnO, respectively. All the films show sharp transmission edge and high transmittance of about 90% in the visible region, which indicates the good optical quality of the samples. As shown in the spectra, the absorption edge of the W-and C-MgZnO films located at around 365 nm and 260 nm, respectively, corresponds to the optical band gap of 3.40 eV and 4.70 eV. It is noteworthy that the UV interference extremum of C-MgZnO are located around the peaks of detector responsivity, seen below, which can be indicated the film plays the anti-reflection effect for this device. The structural characterizations of the vertical structure were assessed by XRD, as shown in Fig. 2(b) . Two obvious peaks located at 34. 56 and 36.62 can be observed in the h-2h XRD pattern, which are attributed to the (002) diffraction of W-MgZnO and (111) diffraction of C-MgZnO, respectively. Typical XRD patterns of W-and C-MgZnO films were shown in the inset of Fig. 2(b) . The above results confirmed that the vertical structure was combined with W-MgZnO and C-MgZnO. (Indium bonding pads, which were used to protect the electrodes, account for the weak diffraction peaks (32.95 , 39.18 ).)
The I-V curve of the vertical geometry Mott-type photodetector is shown in Fig. 3(a) . The asymmetrical rectifying behavior indicates that a barrier exists between Au and In electrode. Additionally, as can be seen in Fig. 3(b) , the I-V curve of In/W-MgZnO/In shows a straight line, illustrating a good ohmic contact. So it can be deduced that a Mott-type barrier was formed in the device structure. No sharp breakdown or saturation of current was observed in the measurement range from À60 V to 60 V. It suggests that the detector could work in high-power circuits. Figure 4(a) shows the spectral response of the detector at 15 V and 30 V bias. It shows a VIS-blind UV detection capability with a cutoff at 362 nm. The peak responsivity of about 431 mA/W at 30 V bias is located at 325 nm, corresponding to an external quantum efficiency (EQE) of 165%. As a fundamental parameter for evaluating the photodetector performance,
, is plotted as a function of incident light wavelength, where h is Plank's constant, is the frequency of incident light, and g is the quantum efficiency. There are four peaks in the spectrum, located UV-A/-B/-C respectively, which correspond to the band-edge photoresponse of W-MgZnO, C-MgZnO, and the wavelength-resonant of anti-reflection layer (see Figure  2 (a)). As shown in Fig. 4(b) , the maximum responsivity at 325 nm increases monotonically with the applied bias. When the bias is greater than 23 V, the responsivity exceeds 277.4 mA/W, corresponding to an EQE beyond 100%. It indicates a large internal gain. Further, the experiment data in high bias range, follow a linear relation, which indicate that such gain cannot be generated by the photoconductive gain mechanism. 23 A reduced Mott-barrier height model, 17, 24, 25 
where kT is the thermal energy, Du b is reduced barrier height, W is the light intensity, I dark and I k is darkcurrent and photocurrent, respectively), is adopted to explain the gain mechanism in this work. Using this model, the fitting curve agrees well with the experimental data.
In order to better visualize the gain mechanism of the detector, the energy band diagrams derived from Anderson model are shown in Fig. 5 for further discussion. Fig. 5(a) shows the band alignment of the Mott-type photodetector at zero bias. Under the light irradiation at reverse bias, as shown in the Fig. 5(b) , there are two parts contributing to the photoresponse. The "I-current" is caused by the carriers optically generated in the depletion region. The "II-current" is due to the lowering of the Mott barrier, which is caused by restricting of the photogenerated holes at interface between W-MgZnO and C-MgZnO. The contribution of "II mechanism" makes the EQE exceed 100%, or generate the gain.
The temporal response of the VIS-blind photodetector was shown in Fig. 6 . The photocurrent of the detector was measured at different bias (0.5 V to 10 V) when the irradiation light (325 nm) was chopped at 90 Hz, as shown in Fig. 6(a) . It can be seen that when the UV illumination is on/off, photocurrent of the device quickly reaches/returns to its maximum/initial value. It indicates that the device has a fast response to the light irradiation. Figure 6 (b) shows the photocurrent transient for illumination, which indicates a good stability for UV photoresponse. Upon irradiation, the photoresponse follows a first-order exponential growth function with an estimated time constant of s g ¼ 0.6 ms. When the UV light is chopped, the photoresponse follows the first-order exponential, too (s d ¼ 1.5 ms). Such a decay trend indicates that there exists no PPC effect. 26, 27 Also, due to the large longitudinal electric field in the vertical geometry device, the photo-generated carriers are separated immediately and drifted to the electrodes.
In conclusion, we investigated a Mott-type VIS-blind UV photodetector with active anti-reflection layer based on a C-MgZnO/W-MgZnO vertical structure for high gain and fast photoresponse. The maximum responsivity is 431 mA/W under 30 V. The detector shows a fast response for UV irradiation with s g ¼ 0.6 ms and s d ¼ 1.5 ms. Such kind of device may be a choice to realize the UV photon detection, based on MgZnO or even other wide bandgap material, combined the fast response times with high efficiencies. By optimizing the device structure more accurately, such as multiple-layers structure, it is probable to obtain a larger gain bandwidth product of the MgZnO-based UV photodetector. 
